Application No. 09/601,702 

Amendments to the Claims : 

The following listing of claims will replace all prior versions, and listings, of claims in 
the application: 

1 . (Currently Amended) An optical information recording apparatus for recording 
information in an optical information recording medium having a-reflecting layer and an 
information recording layer in which information recorded utilizing holography in the form of 
an interference pattem as a result of interference between information light carrying two 
dimensional digital pattem information and reference light for recording having a spatial 
modulation for, the apparatus comprising: 

an information light generating means for generating the information light carryin g the 
two dimensional digital pattem information : 

a_recording reference light generating means including modulation means for spatially 
modulating the light, for generating the reference light for recording being spatially 
modulated by the modulation means; and 

a recording optical system, for illuminating the information recordin g layer on the-a 
same side thereof with the information light and the reference light for recording such that the 
information is recorded in the form of an interference pattem as a result of using the reflecting 
layer as a reference plane to generate interference between the information light and the 
reference light for recordingf^ 

wherein the recording optical system projects the information light and the reference 
light for recording such that an optical axis of the information light and an optical axis of the 
reference light for recording are located on fee-a^same line. 

2. (Currently Amended) The optical information recording apparatus according 
to claim 1, wherein the optical information recording medium has a positioning layer for 
recording information for positioning the information light and the reference light for 
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recording, the apparatus further comprising position control means for controlling the 
positions of the information light and the reference light for recording relative to the optical 
information recording medixmi using the information recorded in the positionin g layer . 
3-5. (Canceled) 

6. (Currently Amended) An optical information recording method for recording 
information in an optical information recording in an optical information r e cording medium 
having reflecting layer and en-information recording laver in which information recorded 
utilizing holography in the form of interference pattern as a result of interference between 
information light carrying the -two dimensional digital pattem information and reference light 
for recording having spatial modulation, the method comprisin g th e s t e ps of : 

generating the information light carrying the two dimensional digital pattem 
information; 

spatially modulating the reference light for recording; and 
illuminating the information recording layer on fee-a^same side thereof with the 
information light and the reference light for recording located on the-a_same line to record the 
two dimensional digital pattem information in the information recording layer in the form of 
an interference pattem as a result of using the reflecting laver as a reference plane to generate 
interference between the information light and the reference light for recording. 

7. (Currently Amended) An optical information reproducing apparatus for 
reproducing two dimensional digital pattem information utilizing holog;raphy from an optical 
recording medium having arreflecting layer and information recording layer in which the 
information recorded in the form of interference pattem as a result of interference between 
information light carrying the two dimensional digital pattem information and reference light 
for recording having a spatial modulation, the apparatus comprising; 
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a.reproduction reference light generation means including modulation means for 
spatially modulating the light for generating reference light for reproduction, the modulation 
means spatially modulating the reference ligh t for reproduction in the same manner in which 
the reference light for recording w as modulated when the information was recorded; 

a reproducing optical system, for illuminating the information recording layer with the 
reference light for reproduction on fee-a.same side of the information recording layer that is 
illuminated with the information light and the reference light for recording and for collecting 
reproduction light carrying the two dimensional digital pattern information on the same side 
of the information recording layer that is illimiinated with the r eference light for reproduction; 
and 

a detecting means for detecting the reproduction light carrying the two dimensional 
digital pattem information collected by the reproduction optical systemt^ 

wherein the reproduction optical system projects the reference light for reproduction 
onto the reflecting layer and collects the reproduction light such that an optical axis of the 
reference light for reproduction and an optical axis of the reproduction light are located on the 
a_same line. 

8. (Currently Amended) The optical information reproducing apparatus 
according to claim 7, wherein the optical information recording mediimi has a positioning 
layer for recording information for positioning the reference light for reproduction, the 
apparatus fiirther comprising position control means for controlling the position of the 
reference light for reproduction relatiye to the optical information recording medium using 
the information recorded in the positionin g layer . 

9-15. (Canceled) 

16. (Currently Amended) An optical information reproducing apparatus for 
reproducing two dimensional digital pattem information utilizing holography from an optical 
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recording medium having a-reflecting layer and information recording layer in which the 
information recorded in the form of interference pattern as a result of interference between 
information light having a wavelength selected from among a plurality of wavelengths and 
carrying the two dimensional digital pattem information and reference light for recording 
having the wavelength selected from among a plurality of wavelengths, the apparatus 
comprising; 

a.wavelength selection means for selecting a wavelength of light illuminating the 
information recording layer from among a plurality of wavelengths; 

a_reproduction reference light generation means for generating reference light for 
reproduction, having the wavelength selected by the wavelength selection means, said 
reproduction reference light generation means including modulation means for spatially 
modulating the reproduction r eference light for reproduction in the same manner in which the 
reference lijght for recording w as modulated when the information was recorded; 

a reproducing optical system, for illuminating the information recording layer with the 
reference light for reproduction on a same side of the information recording layer that is 
illuminated with the information light and the reference light for recording and for collecting 
reproduction light on the same side of the information recording layer that is illuminated with 
the reference light for reproduction; and 

a_detection means for detecting the reproduction light carrying the two dimensional 
digital pattem information collected by the reproducing optical systemf^ 

wherein the reproducing optical system projects the reference light for reproduction 
onto the reflecting layer and collects the reproduction light such that an optical axis of the 
reference light for reproduction and an optical axis of the reproduction light are located on a 
same line. 
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17. (Currently Amended) The optical information reproducing apparatus 
according to claim 16, wherein the optical information recording medium has a positioning 
layer for recording information for positioning the reference light for reproduction, the 
apparatus further comprising position control means for controlling the position of the 
reference light for reproduction relative to the optical information recording medium using 
the information recorded in the positionin g layer . 

18-50. (Canceled) 

5 1 . (Currently Amended) An optical information recording and reproducing 
apparatus for recording information in and reproduction information from an optical 
information recording medium having ar-reflecting layer and ^^-information recording layer in 
which information is recorded utilizing holography, the apparatus comprising; 

an information light generator that generates information light by first light based on 
first information that is carrying first two dimensional digital pattern information: 

a recording reference light generator that modulates a^second light to generate a 
reference light for recording based on second information that is carrying second two 
dimensional digital pattern information; 

a recording optical system for illuminating the information recording layer with the 
information light and the reference light for recording, the information light and the reference 
light for recording illuminating the information recording layer on a same side such an 
interference pattern between the information light and the reference light for recordin g by 
using the reflecting layer as a reference plane, wherein the recording optical system projects 
the information light and the reference light for recording such that an optical axis of the 
information light and an optical axis of reference light for recording are located on a first 
same line; 
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a.reproduction reference light generator that modulates arlight to generate ar-reference 
light for reproduction based on the second information; 

a reproducing optical system for illuminating the information recording layer with the 
reference light for reproduction on the same side of the information recording layer that is 
illuminated with the information light and the reference light for recording and for collecting 
the-reproduction light on the same side of the information recording layer that is illuminated 
with the reference light for reproduction, wherein the reproducing optical system projects the 
reference light for reproduction and collects the reproduction light such that an optical axis of 
the reference light for reproduction and an optical axis of the reproduction light are on a 
second same line. 

52. (Previously Presented) The optical information recording and reproducing 
apparatus according to claim 51, further comprising: 

a position controller that positions the information light and the reference light on the 
optical information recording medium based on positioning information in the optical 
information recording mediimi. 

53. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 5 1 , wherein the recording reference light generator performs one 
or more of spatially modulating the second light and phase modulating the second light to 
generate the reference light for recording . 

54. (Currently Amended) An optical information recording and reproducing 
method for recording information in and reproducing information from an optical information 
recording medium having arreflecting layer and an-information recording layer in which 
information is recorded utilizing holography in the form of an interference pattern as a result 
of interference between information light carrying fee -two dimensional digital pattern 
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information and reference light for recording having a spatial modulation, the method 
comprising: 

generating the information light carrying the two dimensional digital pattem 
information; 

g e n e rating ref e renc e light; 
modulating the light to generate the reference light for recording : 

illimiinating the information recording layer with the information light and modulated 
reference light for recording on fee-a_same side of the optical information recording medium 
such that an optical axis of the information light and an optical axis of the reference light for 
recording are on fee-a_same line; 

recording the information in the information recording layer as a result of using the 
reflected layer as a reference plane to generate an interference pattem between the 
information light and the modulat e d reference light for recording ; 

spatially modulating the light to generate reference light for reproduction having a 
spatial modulation in the same maimer in which the reference light for recording was 
modulated when the information was recorded; 

illimiinating the information recording layer with the reference light for reproduction 
on the same side of the information recording layer that illuminated with the information light 
and the modulated reference light for recording and collecting reproduction light generated at 
the information recording layer when illimiinated with the reference light for reproduction on 
the same side of the information recording layer that illimiinated with the reference light for 
reproduction such that an optical axis of the reference light for reproduction and an optical 
axis of the reproduction light are located on a same line; and 

detecting the collected reproduction light. 
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55. (Previously Presented) The optical information recording and reproducing 
method according to claim 54, wherein the modulating is one or more of spatially modulating 
and phase modulating. 

56. (Currently Amended) An optical information reproduction apparatus for 
reproducing information utilizing holography from an optical information recording medium 
having a-reflecting layer and an-information recording layer in which the information is 
recorded in the form of interference pattern between information light carrying tbe-two 
dimensional digital pattern information and reference light, the apparatus comprising: 

a reference light generator that spatially modulates the light to generate reference light 
on the same manner in which the reference light was modulated during recording; and 

a reproducing optical system that illuminates, to a same side of the information 
recording layer that illuminated with the information light and reference light during 
recording, the information recording layer with the reference light, and collects reproduction 
light emanating from the information recording layerf^ 

wherein the reproduction optical svstem projects the reference light and collects the 
reproduction light such that an optical axis of the reference light and an optical axis of the 
reproduction light are located on a same line. 

57. (Canceled) 

58. (Previously Presented) the optical information reproducing apparatus 
according to claim 56, fiirther comprising a position controller that positions the reference 
light on the optical information recording medium based on position information in the 
optical information recording medium. 

59. (Currently Amended) An optical information recording and reproducing 
apparatus for recording information in an optical information recording medixmi having 
reflecting layer and information recording laver in which information recorded utilizing 
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holography and for reproducing the information from the optical information recording 
medixmi, the apparatus comprising including a pick-up device havin g comprising:? 
a light source for emitting light; 

Qran information light generator that spatially modulates a first portion of light that is 
carrying two dimensional digital information, based on the information; 

a reference light generator including modulation means that generates a^first reference 
light for recording and a-second reference light for reproduction from a second portion of the 
light, wherein the modulation means spatially modulates the second reference light for 
reproduction in a -the same manner in which the first reference light for recording was 
modulated when the information was recorded; and 

an optical system, that illuminates th e sid e of t he information recording layer with the 
information light and the first reference light wherein an optical axis of the information light 
and an optical axis of the first reference light are on tbe-aLsame line, to record the information 
in the information recording layer by using the reflecting layer as a reference plane to 
generates an interference pattern between the information light and the first reference light, 
and illuminates the information recording layer with the second reference light on the same 
side of the information recording layer that is illimiinated with the information light and the 
first reference light and collects reproduction light emanating from th e sid e of the information 
recording layer when illuminated with the second reference light. 

60. (Ciurently Amended) The optical information recording and reproducing 
apparatus according to claim 59, wherein the first -second reference light is one or more of 
spatially modulated in substantially a same way a reference light used to record the 
information that is to be reproduced. 

61-78. (Canceled) 
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79. (Currently Amended) An optical information recording and reproducing 
apparatus for recording information in and reproducing information from an optical 
information recording medium having a-reflecting layer and ^^-information recording layer in 
which information is recorded utilizing holography in the form of an interference pattern as a 
result of interference between information light carrying the -two dimensional digital pattem 
information and reference light for recording having a spatially modulation, the apparatus 
comprising; 

an information light generator unit control to generate plural information light each of 
which carries corresponding two dimensional digital p attem information; 

a recording reference light generation unit, including a modulator for spatially 
modulating a light, configured to generate plural reference lights for recording each of which 
is spatially modulated by said modulator in response to a unique phase modulation pattem for 
said each two dimensional digital p attem information; 

an optical recording unit configured to illxmiinate said informatio n recording layer 
with said plural information lights and said plural reference lights for recording so that an 
optical axis of each information light and an optical axis of the corresponding reference light 
for recording are located on the-a_same line, to perform a multiplex recording to record on a 
same location of said optical information recording medium information in the form of plural 
interference patterns as a result of using the reflecting layer as a reference plane to generate 
interferences between said plural information lights and said plural reference lights for 
recording; 

a reproduction reference light generation unit, including a modulator for spatially 
modulating the light, configured to generate plural reference lights for reproduction each of 
which is spatially modulated by said modulat e d b y said modulato r of the reproduction 
reference light generation unit in response to a unique phase modulation pattem for said each 
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two dimensional digital p attern information in the same manner in which the reference light 
for recording w as modulated when the information was recorded; 

an optical reproducing unit configured to illimiinate the information recording layer 
with the reference light for reproduction generated by the reproduction reference light 
generation unit on the same side of the information recording layer that is illimiinated with 
the corresponding information light and corresponding reference light for recording and fef=-to 
collecting reproduction light generated at the information recording layer when illuminated 
with the reference light for reproduction on the same side of the information recording layer 
that is illuminated with the reference light for r eproduction; and 

a detection imit for detecting the reproduction light collected by the optical 
reproducing imi tr e production syst e m . 

80. (Previously Presented) The optical information recording and reproducing 
apparatus according to claim 79, wherein said optical recording unit performs said multiplex 
recording so that recording locations adjoining each other are overlapped in part in a certain 
direction on said optical information recording medium. 

81. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 79, wherein said optical recording unit records a same 
interference pattern on plural location of said optical information r ecording medium. 

82. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 79, further comprising: 

a two dimensional digital p attern information generation unit configured to generate 
said two dimensional digital p attern information by dividing information to be recorded into 
plural pieces of data. 
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wherein said optical recording unit performs said multiplex recording of said plural 
interference pattems spreading over plural locations on said optical information recording 
medium in a predetermined order. 

83. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 82, further comprising: 

a parity generation unit configured to generate parity data based on said two 
dimensional digital p attern information, 

wherein said optical recording xmit records on said parity data based on a 
predetermined mle. 

84. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 83, 

wherein said parity generation imit generates plxiral sets of parity data corresponding 
to plxiral sets of two dimensional digital p attem information, and 

said optical recording unit records all interference pattem corresponding to said plxiral 
sets of parity data on one location on said optical information recording medium. 

85. (Currently Amended) The optical information recording and reproducing 
apparatus according to claim 83, 

wherein said parity generation unit generates plural sets of parity data corresponding 
to plural sets of said two dimensional digital p attem information, and 

said optical recording unit records plural interference pattems corresponding to said 
plural sets of parity data spreading over plural locations, each of which includes an 
interference pattem corresponding to at least one of said plural sets of parity data. 

86-95. (Canceled) 

96. (Currently Amended) The optical information recording apparatus of claim 1, 
wherein the recording optical system includes only one objective lens for projecting the 
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information light generated by the information light generation means and the reference light 
for recording generated by the recording reference light generation means upon the optical 
information recording medium. 

97. (New) An optical information recording apparatus for recording information 
which is two dimensional digital pattem information, utilizing holography in an optical 
information recording medium having reflecting layer and information recording layer, the 
apparatus comprising: 

a servo light source that generates servo light which emits onto the reflecting layer; 

a detection means for detecting reflected servo light which is carrying information of 
the medixmi, reflected by the reflecting layer, such that an optical axis of the servo light and 
an optical axis of the reflected servo light are located on a same line; 

an information light source that generates information light carrying the information 
that is two dimensional digital pattem information based on the information of the medium; 

a recording reference light source that generates recording reference light, including a 
modulator that spatially modulates the recording reference light; and 

a recording optical system that projects the information light and the recording 
reference light such that an optical axis of the information light and an optical axis of the 
recording reference light are located on the same line. 

98. (New) An optical information reproducing apparatus for reproducing two 
dimensional digital pattem information recorded utilizing holography in an optical 
information recording medixmi having reflective layer and optical recording layer, the 
apparatus comprising: 

a servo light source that generates servo light that emits onto the reflecting layer; 
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a detection means for detecting reflected servo light that is carrying information of the 
medium, reflected by the reflecting layer, such that an optical axis of the servo light and an 
optical axis of the reflected servo light are located on a same line; 

a reproduction reference light source that generates reproduction reference light, 
including a modulator that spatially modulates the reproduction reference light; and 

a reproducing optical system that projects the reproduction reference light and collects 
reproduction light such that an optical axis of the reproduction reference light and an optical 
axis of the reproduction light are located on a same line. 

99. (New) The optical information reproducing apparatus according to claim 98, 
further comprising: 

a wavelength selector that selects a wavelength from among a plurality of wavelength. 

100. (New) An optical information recording apparatus for recording information in 
an optical information recording medium having reflecting layer and information recording 
layer in which information is recorded utilizing holography in the form of an interference 
pattern as a result of interference between information light carrying the information and 
reference light for recording having a spatial modulation for, the apparatus comprising: 

a servo light generating means for generating servo light that emits onto the reflecting 

layer; 

a reflected servo light detecting means for detecting reflected servo light which is 
reflected by the reflecting layer of the medium; 

an information light generating means for generating the information light carrying the 
information which is based on information of the optical information recording medium; 

a recording reference light generating means including modulation means for spatially 
modulating the light, for generating the reference light for recording being spatially 
modulated by the modulation means; and 
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a recording optical system, for illuminating the information recording layer on the first 
side thereof with the information light and the reference light for recording such that the 
information is recorded in the form of an interference pattern as a result of using the reflecting 
layer as a reference plane to generate interference between the information light and the 
reference light for recording, 

wherein the recording optical system projects the servo light and collects the reflected 
servo light which is carrying the information of the medium, reflected by the reflecting layer 
such that an optical axis of the servo light and an optical axis of the reflected servo light are 
located on a same line; and 

the recording optical system further projects the information light and the reference 
light for recording such that an optical axis of the information light and an optical axis of the 
reference light for recording are located on the same line. 

101 . (New) An optical information recording method for recording two dimensional 
digital pattem information in an optical information recording medium having reflecting layer 
and information recording layer in which information recorded utilizing holography in the 
form of interference pattem as a result of interference between information light carrying the 
two dimensional digital pattem information and reference light for recording having spatial 
modulation, the method comprising: 

generating a servo light; 

illuminating the servo light onto the reflecting layer on a first side thereof; 

detecting reflected servo light reflected by the reflecting layer of the optical 
information recording medium, canying the information of the recording medium; 

generating the information light carrying the two dimensional digital pattem 
information which is based on information of the optical information recording medium; 

spatially modulating the reference light for recording; and 
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illuminating the information recording layer on the first side thereof with the 
information light and the reference light for recording both located on the same line to record 
the information in the information recording layer in the form of an interference pattern as a 
result of using the reflecting layer as a reference plane to generate interference between the 
information light and the reference light for recording. 

102. (New) An optical information reproducing apparatus for reproducing 
information utilizing holography fi-om an optical recording medium having reflecting layer 
and information recording layer in which two dimensional digital pattem information is 
recorded in the form of interference pattem as a result of interference between information 
light carrying the two dimensional digital pattem information and reference light for 
recording having a spatial modulation, the apparatus comprising; 

a servo light source that generates a servo light to illuminate onto the reflecting layer; 

a reflected servo light detection means for detecting reflected servo light that is 
carrying the information of the medium, reflected by the reflecting layer such that an optical 
axis of the servo light and an optical axis of the reflected servo light are located on a same 
line; 

a reproduction reference light generation means including modulation means for 
spatially modulating the light, for generating reference light for reproduction, the modulation 
means spatially modulating the reference light for reproduction in the same manner in which 
the reference light for recording was modulated when the information was recorded; 

a reproducing optical system, for illuminating the information recording layer with the 
reference light for reproduction on the same side of the information recording layer that is 
illxmiinated with the information light and the reference light for recording and for collecting 
reproduction light carrying the two dimensional digital pattem information on the same side 
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of the information recording layer that is illuminated with the reference light for reproduction; 
and 

a detection means for detecting the reproduction light carrying the two dimensional 
digital pattem information collected by the reproduction optical system, 

wherein the reproduction optical system projects the reference light for reproduction 
and collects the reproduction light such that an optical axis of the reference light for 
reproduction and an optical axis of the reproduction light are located on a same line. 

103. (New) An optical information recording and reproducing apparatus for 
recording information in and reproducing information from an optical information recording 
medium having reflecting layer and information recording layer in which information is 
recorded utilizing holography in the form of an interference pattem as a result of interference 
between information light carrying two dimensional digital pattem information and reference 
light for recording having a spatially modulation, the apparatus comprising; 

a servo light generator generates servo light for recording that illmninates onto the 
reflecting layer, the servo light generator generates servo light for reproducing that 
illuminates onto the reflecting layer; 

a detector that detects reflected servo light for recording that is carrying the 
information of the medixmi, reflected by the reflecting layer such that an optical axis of the 
servo light for recording and an optical axis of the reflected servo light for recording are 
located on a same line, the detector detects reflected servo light for reproducing that is 
carrying the information of the medium, reflected by the reflecting layer such that an optical 
axis of the servo light for reproducing and an optical axis of the reflected servo light for 
reproducing are located on a same line; 
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an information light generator unit control to generate plural information lights each 
of which carries corresponding two dimensional digital pattem information, based on the 
information of the medium; 

a recording reference light generation unit, including a modulator for spatially 
modulating a light, configured to generate plural reference lights for recording each of which 
is spatially modulated by said modulator in response to a unique phase modulation pattem for 
said each two dimensional digital pattem information; 

an optical recording unit configured to illuminate said information recording layer 
with said plural information lights and said plural reference lights for recording so that an 
optical axis of each information light and an optical axis of the corresponding reference light 
for recording are located on a same line, to perform a multiplex recording to record on a same 
location of said optical information recording medium information in the form of plural 
interference pattems as a result of using the reflecting layer as a reference plane to generate 
interferences between said plural information lights and said plural reference lights for 
recording, 

a reproduction reference light generation unit, including a modulator for spatially 
modulating the light, configured to generate plural reference lights for reproduction each of 
which is spatially modulated by said modulator in response to a unique phase modulation 
pattem for said each two dimensional digital pattem information in the same manner in which 
the reference light for recording was modulated when the information was recorded; 

an optical reproducing imit configured to illimiinate the information recording layer 
with the reference light for reproduction generated by the reproduction reference light 
generation unit on the same side of the information recording layer that is illuminated with 
the corresponding information light and corresponding reference light for recording and to 
collect reproduction light generated at the information recording layer when illuminated with 
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the reference light for reproduction on the same side of the information recording layer that is 
illxmiinated with the reference light for reproduction; and 

a detection unit for detecting the reproduction light collected by the optical 
reproduction system. 

104. (New) The optical information recording and reproducing apparatus according 
to claim 103, wherein said optical recording unit performs said multiplex recording so that 
recording locations adjoining each other are overlapped in part in a certain direction on said 
optical information recording medium. 

105. (New) The optical information recording and reproducing apparatus according 
to claim 103, wherein said optical recording unit records a same interference pattem on plural 
location of said optical recording medium. 

106. (New) The optical information recording and reproducing apparatus according 
to claiml03, further comprising: 

a two dimensional digital pattem information generation unit configured to generate 
said two dimensional digital pattem information by dividing information to be recorded into 
plural pieces of data, 

wherein said optical recording unit performs said multiplex recording of said plural 
interference pattems spreading over plural locations on said optical information recording 
medium in a predetermined order. 

107. (New) The optical information recording and reproducing apparatus according 
to claim 106, further comprising: 

a parity generation unit configured to generate parity data based on said two 
dimensional digital pattem information, 

wherein said optical recording unit records on said parity data based on a 
predetermined rule. 
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108. (New) The optical information recording and reproducing apparatus according 
to claim 107, 

wherein said parity generation unit generates plural sets of parity data corresponding 
to plural sets of two dimensional digital pattern information, and 

said optical recording unit records all interference pattern corresponding to said plural 
sets of parity data on one location on said optical information recording medium. 

109. (New) The optical information recording and reproducing apparatus according 
to claim 107, 

wherein said parity generation unit generates plural sets of parity data corresponding 
to plural sets of said two dimensional digital pattern information, and 
said optical recording unit records plural interference pattems corresponding to said plural 
sets of parity data spreading over plural locations, each of which includes an interference 
pattern corresponding to at least one of said plural sets of parity data. 
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